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Introduction
Dual energy X-ray absorptiometry (DEXA) is a noninvasive method of measuring bone mineral density (BMD), and has been found to be an adequate procedure for evaluating the natural history of osteoporosis of the spine and femoral neck [1, 3, 8, 10, 11, 16] . The versatility, precision and accuracy of the latest techniques make measurement of the effect of implantation of a total hip arthroplasty (THA) on the bone mass increasingly feasible [1, 4, 5, 6, 7, 9, 10, 14, 15] .
The purpose of this prospective study was to investigate the periprosthetic bone mass after implantation of an uncemented Zweymueller THA immediately after operation, and after one and four years.
Patients and methods
A prospective study using DEXA was made to follow the changes in BMD around the screw socket and stem of an uncemented Zweymueller THA. Thirty-six women with primary osteoarthritis of the hip had the operation; their average age was 55 years (range 40 to 69 years), SD = 9 years; 21 were postmenopausal and 15 premenopausal. Exclusions were imposed in order to avoid changes in BMD which were not related to the operation. These included any previous operation, any infection in the hip, the use of oestrogen, cortisone, calcitonin or other medication for osteoporosis during the previous 2 years, clinical and radiological signs of loosening during the 4 years of observation, and an abnormal blood count on admission.
All the operations were performed by one surgeon (PK) using the same technique [9] . The numbers of right and left operated on hips were the same. The screw socket was implanted near to its anatomical site close to the pelvic teardrop, after removing only osteophytes and degenerate cartilage. We estimated that not more than 2 mm of subchondral bone was removed, especially medially and distally. The stem was always inserted in the posterior third of the femur after removing one third of the cancellous bone of the greater trochanter to accommodate the proximal lateral flange of the stem. We removed approximately 4 mm to 6 mm of cancellous and cortical bone as measured on anteroposterior radiographs from around the tip of the stem during reaming the femoral canal in order to achieve perfect primary stability of the rightangular conical stem. No additional bone grafts, screws or Seven regions of interest (ROIs) were defined ( Fig. 1) : 3 in the acetabulum around the socket (I to III), and 4 in the femur around the stem (IV to VII) [9] . The same areas were used to measure BMD (g/cm 2 ) using specific hip software, with a standard pilot level at the tip of the stem. Measurements were carried out with exactly the same technique during the 4 years after implantation in every patient and in all 7 ROIs in the operated and unoperated hip at the following times: (1) immediately after operation; (2) 2 weeks later; (3) at one year, and (4) at 4 years after operation. The results of the measurements for the hips which were operated on were used to study the changes in BMD over time.
The periprosthetic acetabular and femoral BMD were determined by a Norland XR-26 X-ray mark II bone densitometer (Norland, Wisconsin, US) with a stationary anode X-ray tube (100 KV constant potentials; 1 mA constant anode current; samarium filter, K-edge = 46.8 KeV). Minimum filtration is 3 mm aluminium equivalent. The samarium chosen as the filter material produces energy peaks at 46.8 KeV and 80 KeV. Measurement scan point resolution times line spacing (pixel size) varies from 0.5 × 0.55 mm to 6 × 6 mm. The pixel size used in this study was 1.3 × 1.3 mm (Figs. 1, 2) because it was included in the specific hip scan modality of the manufacturer.
Patients were studied lying on the table with both legs held in 20°of internal rotation at the hip, and the same anteversion of the femoral neck, in a specially made splint which was applied in the same way to both hips [9] .
The high density detection mode of the Norland densitometer was used for the large high density artefacts created by the prosthetic implants (metal, ultrahigh molecular weight polyethylene and ceramic) to be excluded automatically from the analysis. The software enabled reliable measurements to be made, using the same ROIs, for each individual at the level of the greater trochanter, lesser trochanter and the tip of the stem over time in all the hips examined. DEXA software has been recently modified to allow measurement of the BMD of periprosthetic bone close to metal implants [13] .
The scans obtained from the operated hips at 4 different times of observation were compared with each other (paired t-test) in every ROI as follows: (1) preoperatively to 2 weeks, one year and 4 years postoperatively; (2) 2 weeks postoperatively to one year and 4 years postoperatively; (3) one year postoperatively to 4 years postoperatively.
All data were analysed over time using one-way analysis of variance (ANOVA) ( Table 1 ). Reproducibility and reliability were assessed at the 7 ROIs (Figs. 1, 2) in 23 of the 36 hips which were operated on, as well as in 20 hips which were not operated on. Three subsequent scans on each patient were performed over a period of 21 days and the Pearson coefficient (r) of variation (ANOVA) of the measurements for each ROI was: rI = 0.87, rII = 0.76; rIII = 0.9; rIV = 0.834; rV = 0.865; rVI = 0.86 and RVII = 0.93. The reference was at the tip of the stem. A manually guided template programme that saved, in each case, the ROI positioning by using the Norland software in the hip scan modality, was applied in order to ensure the exact position of the ROIs in successive DEXA scans.
Results
No statistically significant difference was found in BMD values before operation, postoperatively and in the evaluation at follow up between the right and left operated hips in all 7 ROIs.
There was no correlation between the age of the patients and their BMD values at each of the 7 ROIs at any of the 3 evaluations.
The overall results of the BMD measurements are shown in Table 1 .
At ROI V, the area of the lesser trochanter, there was a statistically significant decrease between the preoperative value and the first postoperative measurement at an average of 32.16+18.1% (t-test, P 5 0.0005). No further changes were observed at one and 4 years ( Table 1) .
At ROI VI, the lateral femoral cortex around the tip of the stem, the BMD decreased between the preoperative and first postoperative measurement at an average of 18.6+12.82% t-test, (P 5 0.0005). No further changes were seen in the subsequent measurements.
At ROI VII, the medial cortex around the tip of the stem, there was a statistically significant decrease of the preoperative BMD value at an average of 21.96+15.8% (t-test, P The changes in BMD over time at ROIs V, VI and VII were statistically significant (one-way ANOVA, P 5 0.0001).
Discussion
Implantation of an uncemented hip prosthesis may theoretically produce a rise in stress or strain in some areas and a reduction in others. In a previous experimental study, computed finite element stress was correlated with BMD after remodelling following the insertion of an uncemented femoral prosthesis, and it was shown that in many areas the BMD was reduced [13] . In the areas where stress is reduced, resorption would be expected. Where the stress was higher, there was periosteal or endosteal new bone formation and increased density [2] . In contrast to this, we did not find any stress-related changes in BMD around the component we used, and this differs from a previous report which found a linear relation between mechanical factors, such as stress and strain, and BMD [12] .
Our results show reduction in BMD around the stem at 2 weeks after operation, and we believe this is due to thinning of the cortex produced by reaming the femoral canal. The absence of changes at one and 4 years may be because of the stable primary fixation of the stem at these times. Bone remodelling is continuous and it is not known what occurs between these observations. Bone loss around the Zweymueller socket was not measurable in the early or late phases because of the minimal bone resection.
It has been shown on plain radiographs that the strain adaptive bone remodelling processes ceases after a few years [7, 5, 14] . Plain radiographs, however, are not a suitable method of determining net changes in bone mass of less than 30%. Others have shown using DEXA that bone remodelling around an uncemented stem may continue for up to 7 years [7, 14] , but the measurements were made in only 2 ROIs in the region of the lesser trochanter. The type of THA was not the same as in our series and the pixel size of the surface of bone varied depending on the type of densitometer used. These studies are therefore not comparable to our own and we suggest that the lower precision (1.3 × 1.3 mm) of the Norland apparatus may be responsible for the failure to detect small changes in BMD.
Kiratli et al. [7] and Steinberg et al. [14] have shown that periprosthetic femoral BMD is reduced with increasing time after the insertion of PCA uncemented THAs, ranging from 28% to 47%. Kearns-McCarthy et al. [4] found that after implantation of cemented THAs there was a 40% loss of BMD in the lesser trochanter and 28% loss in the medial and distal cortex, 3 years after operation. They also found that 7 to 14 years after operation, the bone loss was 40% proximally and 49% distally.
Our study has advantages over those previously reported: (1) it was prospective; (2) changes of BMD were measured in 7 ROIs after an unique type of THA implanted with the same technique by the same surgeon; (3) the reduction in bone mass was measured at 2 weeks after operation, and (4) it was applied to a homogenous group of females. The findings support our radiographic observation that the Zweymueller components, particularly the stem, do not induce substantial stress shielding with subsequent remodelling and cortical thinning. This suggests that the risk of loosening may be reduced with this type of THA.
It is possible that repeated measurement of BMD may be of diagnostic value in detecting loosening before radiographic changes are present.
